Getting embryogenic callus is the first step for banana transformation. Enhancing embryonic-callus-rate is important for banana molecular breeding. In this paper, WIND1, an AP2/ERF transcription factor was added into the embryonic-callus-inducing medium with poly-Arg and nuclear localization signal (NLS). The embryogenic-callus-induced rate of the immature male florescence cultured on the media containing the recombinant protein Arg9-NLS-WIND1 was significantly higher than that of the immature male florescence cultured on the control media. Medium containing 0.01% of the protein Arg9-NLS-WIND1 had the best effect for inducing the embryogenesis of the immature male inflorescence. On the medium containing 0.01% of the protein Arg9-NLS-WIND1, 11.5% of the immature male flowers can develop embryonic callus. On the medium containing Arg9-NLS-WIND1, the protein might be transferred into cytoplasm of the explants by endocytosis due to the interaction between the poly-Arg transduction domain and the plasma membrane. After it entered the nucleus guided by NLS and bind with the target DNA domain, the somatic cell embryogenesis reactions were initiated and the embryonic callus formed.
Breeding new banana varieties through transgenic method is inevitable [1] .
However, although some papers about banana transformation had been published, the transgenic method for banana is still a tough work for many laboratories. The main reasons are 1) banana transformation needed embryogenic suspension cell as initial material due to the worrying about chimera, which required much banana embryogenic callus [2] ; 2) The embryogenesis rate of banana somatic cells is very low according to the methods used now [3] [4] . Therefore, if banana embryogenesis rate can be improved significantly, banana transformation might become easier.
WOUND INDUCED DEDIFFERENTIATION 1 (WIND1) is an AP2/ERF transcription factor. It participates in the regulation of cell dedifferentiation in Arabidopsis [5] . After WIND1 was over-expressed in Arabidopsis, typical callus with disorganized mass of cells formed on the surface of leaves, roots and hypocotyls [5] . As a transcription factor, WIND1 acts as a key molecular switch to initiate wound response to the control of cell dedifferentiation [6] . If WIND1 can be over-expressed in banana plant, the embryogenic callus of banana might be induced easily. However, transferring foreign genes into banana genome is a hard work itself. If the foreign transcription factor itself can be transferred into the nucleus of banana cells directly and played roles, this problem might be resolved.
Transactivator of transcription (TAT) protein transcription domain (PTD) is
a special 10 -20 amino acid sequence derived from HIV TAT protein [7] . Once added into the culturing meida, TAT-fusion protein can rapidly enter the cells.
Within cells, the TAT-fusion protein is either degraded or refolded by the cellular machinery into functional protein [8] . Most of the TAT PTD contained Arg and Lys, which have strong positive charge, that lead to that these amino acid sequences could bind with cell membrane and be transferred into cell quickly [9] [10]. Poly-Arg transduction domain is an artificial sequence according to the sequences of transduction domains found. Its transduction efficiency is higher than TAT PTD derived from HIV [11] . Experiments showed that it can be used to lead the foreign protein to transfer the cell membrane [12] .
In this paper, the transcription factor gene WIND1 was linked with poly-Arg and a nuclear localization signal or sequence (NLS), which is an amino acid sequence that "tags" a protein for import into the cell nucleus by nuclear transport [13] . Typically, NLS consists of one or more short sequences of positively charged lysines or arginines exposed on the protein surface [14] . And then, the artificial sequence was over-expressed in bacteria and the recombinant protein was extracted and purified. After the purified protein was sterilized by passing filter membrane, it was added into the embryogenic-callus-induced media. It was found that the embryogenic-callus-induced rate of the banana immature male florescence on the media containing the recombinant foreign protein was significantly higher than those on the control media. This indicated that after the recombinant protein touched with the explant cells, poly-Arg transduction 
Materials and Methods
According to the sequence of Arabidopsis gene WIND1 (GenBank accession number: AF370152.1), poly-Arg [12] and NLS [15] , the artificial sequence of Arg9-NLS-WIND1 was synthesized ( Figure 1 ). According to the sequence of Arg9-NLS-WIND1, primer1 (CGTCGCCGTCGTCGCCGTGAAGAAGAAGAG GAAGGTGGCATGGCAGCTGCTATGAATTT) and primer 2 (CATCTCGAG CTAAGCTAGAATCGAATCCCAATC) were synthesized to amplify the artificial sequence. The amplified product was purified and inserted into the vector of pMD19-T and transformed into E. coli DH5α. The plasmid pMD19-T (Arg9-NLS-WIND1) was extracted from the bacteria. According to the sequence of the plasmid vector pET28a and Arg9-NLS-WIND1, primer 3 (CGCGGA TCCATGGGTCGCAAGAAACGTCGCCAACGTCGCCGTCCGCCTGCCGTC GCCGTCGTCGCCGT) was synthesized. Primer 3 and primer 2 were used to amplify Arg9-NLS-WIND1 using pMD19-T (Arg9-NLS-WIND1) as template.
The PCR product was purified and digested with Bam HI and Xho I. The plasmid of pET28a was also digested with Bam HI and Xho I. The digested PCR product and digested pET28a were ligated using T4 DNA ligase at 4˚C for 24
hours. The ligated mixture was transformed into E. coli Top10. The positive clones were amplified using primer 1 and primer 2. The clones from which the responding DNA band could be amplified using primer 1 and primer 2 were sequenced. Plasmids were extracted and transformed into E.coli Rosseta (DE3) using the standard heat shock method. were cultured continually at 37˚C and 200 rpm. After being cultured for 2 h, 4 h, 6 h, and 8 h, 1 ml of the cultures was transferred into one 1-ml tube. To select the best condition for protein purification, the samples were centrafugated at 15000 rpm for 10 min. The supernatant was discarded and the pellet was suspended with 50 µl 2 × SDS-PAGE Loading Buffer. The mixture was boiled at 100˚C for 10 min and centrifugated at 15000 rpm for 10 min. The supernatant was injected and seperated in SDS-PAGE gel (4% dense gel and 10% seperation gel) at 120 V for 2.5 h. For purifying the recombinant protein, 100 ml of the bacterial cultures induced by IPTG were centrifugated at 9500 rpm for 10 min.
The supernatant was discarded and the pellet was resuspended with 10 ml In a sterile hood, immature male flowers which localized from position 16 to 6 (1 being the immature flower closest to the meristematic dome) were isolated from the surface-sterilized buds and cultured on M2 medium. The cultures were kept in total darkness at 28˚C. Seven to nine mongths later, the embryonic callus induced was calculated and the rates of embryogenesis were assayed.
Results
1) The artificial sequence Arg9-NLS-WIND1 can be expressed in E. coli 30˚C, a remarked protein band whose molecular weight was 39 kD was found ( Figure 3 and Figure 4 ). This indicated that the artificial sequence could be expressed well at 30˚C.
2) The embryogenic-callus-induced rate of the immature male florescence cultured on the media containing the recombinant protein Arg9-NLS-WIND1
was significantly higher than that of the immature male florescence cultured on the control media.
Although immature male inflorescence is the best candidate for inducing embryogenic callus, the embryogenic-callus-induced rate is still very low. According to our experiment, the rate of embryogenic callus induced (Brazil) is only about 2.1%. After the recombinant protein Arg9-NLS-WIND1 was filter-sterilized by passing through MILLIPORE membrane (0.22 µm), it was added into the culturing media. Results showed that there was significantly more embryogenic callus induced from the immature male inflorescence cultured on Figure 3 . E. coli BL21(DE3) harboring pET28a-AT1 was induced by 0.3 mm/1 mm IPTG at 30˚C. After the bacteria were lysed, the whole bacterial bodies were separated in 12% SDS-PAGE. at 30˚C. After the bacteria were lysed, the supernatant and the pellet was separated in 12% SDS-PAGE respectively. media containing the recombinant protein than those induced from the immature male inflorescence cultured on media without the artificial protein ( Figure 5 and Figure 6 ). The embryogenic-callus-induced rate of the immature male florescence cultured on the media containing the protein Arg9-NLS-WIND1 was higher than that of the immature male florescence cultured on the control media. Adding the artificial protein Arg9-NLS-WIND1 can improve the embryogenic-callus-induced rate of the immature male florescence. 
Discussion
Protein transduction referred to that some proteins were transferred into cells and play roles directly. Many researchers recognized protein transduction as a promising vehicle for delivery of macromolecular drugs [16] . It has been widely used in medical experiments [7] [17]. Some proteins with special roles have also TAT peptide, but also various arginine-rich oligopeptides poses very similar characteristics in translocating proteins into cells [11] .
The process of plasma membrane invagination in animal cells has also been found in plant cells [24] [25]. Poon et al. found that some specific Arabinogalactan proteins were isolated and incorporated into tissue culture medium, cotton somatic embryogenesis can be promoted [26] . This also indicated that exogenous proteins can be transformed into plant cells and play roles directly.
Banana transformation is a hard work for many laboratories. The important reason is that it is difficult to get embryogenic callus. If some proteins which can induce embryogenesis can be transferred into banana somatic cells directly and play roles, this hard work might become much easier. WIND1 is an important transcription factor that participated in plant somatic cell embryogenesis [5] . If WIND1 was over-expressed in Arabidopsis, there was much embryogenic callus can be found on the roots, hypocotyls and cotyledons of the transgenic plants [6] . Only over-expressing WIND1 is enough to induce and maintain the status of cell embryogenesis [5] . Excess expression of WIND1 might be the most important step for inducing plant somatic cell embryogenesis [6] . If WIND1 protein can be transferred into banana somatic cells, the embryogenic-callus-induced rate of banana somatic explants might be enhanced significantly.
Immature male florescence is the best candidate for inducing banana emnryogenic callus. However, on usual medium, the embryogenic-callus-induced rate of banana immature male florescence is only about 4.3% [3] [4]. Considering the pollution from bacteria or fungi, this rate will become even lower. After the artificial protein Arg9-NLS-WIND1 was added into the medium, the embryogenic-callus-induced rate of banana immature male florescence was increased significantly. At descent dose, such as 0.01% of Arg9-NLS-WIND1, this rate can be enhanced to 11.5%. This demonstrated that the artificial protein Arg9-NLS-WIND1 can improve banana somatic cell embryogenesis. This might be due to the following mechanism. After the protein was added into the culturing medium, it was transferred into cytoplasm because of endocytosis due to the interaction between the poly-Arg transduction domain and the plasma membrane [11] . In the cytoplasm, the protein was guided to pass through the nucleus pore by NLS and enter the nucleus, in which the protein bind with some specific DNA domain and the somatic cell embryogenesis reactions were initiated. Auxin production or its response was induced and embryogenic cells formed.
Altogether, in this paper, we found that after the artificial protein was added into the medium, the embryogenic-callus-induced rate of banana immature male florescence can be improved significantly. According to our knowledge, this is the first paper reported that banana somatic cell embryogenesis can be induced by adding artificial WIND1 protein into culturing medium. Considering the difficulties for banana transformation and the importance of banana production in many tropical and subtropical countries, this finding might play potential roles in banana breeding and banana production in the future.
